Two trials were conducted to determine the suitability of soybean products for baby pigs. Weanling pigs (n = 40 and 48 in Trials 1 and 2, respectively) were infused orally (6 g/d) with dried skim milk, soybean meal (SBM, 48% CP); soy protein concentrate, moist extruded soy protein concentrate, or soy protein isolate from d 7 to 12 of age. Pigs were then fed a diet containing the same protein source for 1 (Trial 1) or 2 (Trial 2) wk after weaning (d 21 of age). To avoid exposure of pigs to soybean proteins, the dams of pigs were fed a corn-corn gluten meal-based diet supplemented with lysine and tryptophan from d 109 of gestation. All pigs in Trial 1 were killed at 28 d of age, and samples of ileal digesta and small intestine were obtained. In Trial 2, the soy protein isolate was not included, and all pigs were fed a diet containing 4% soybean oil and 1.25% lysine for the last 3 wk of the trial. Growth performance, skin-fold thickness, after intradermal injection of extracts of the corresponding proteins, and anti-soy immunoglobulin G (IgG) titers were measured. Results indicated that pigs fed diets containing SBM had lower (P c .05) villus height and xylose absorption but higher (P e .05) serum anti-soy IgG titers and increased skin-fold thickness compared with the mean of pigs given milk and all other soy treatments. The presence of residual antigenic protein in the digestive tract of pigs fed SBM indicated that conventionally processed, commercial SBM may retain some antigens that cause an immunological response in early-weaned pigs. There were no differences in villus height, crypt depth, antibody titers, and skin-fold thickness between soy protein concentrate and moist extruded soy protein concentrate or soy protein isolate. Pigs fed the diet containing moist extruded soy protein concentrate during the fmt 14 d postweaning had the highest (P e .05) ADG among pigs fed soy protein sources from d 21 to 35 of age. 
Introduction
The immune system of the gastrointestinal tract in pigs encounters a vast array of challenges, ranging from potential pathogens to dietary antigens (Stokes et al., 1987) . Antigenic proteins may be a b s o h d from the intestine in pigs weaned at 3 wk of age, but not in 6-mo-old pigs (Wilson et al., 1989) . Sensitizing with soybean meal (SBM) and then feeding diets Containing SBM led to abnormal-ities in digestive processes, including disorders in digesta movement and inflammatory response in the intestinal mucosa of newly weaned pigs (Newby et aL, 1984) . Other research reports indicate that pigs dosed with SBM preweaning and then fed diets containing SBM postweaning showed a transient hypersensitivity response to soybean proteins (Li et al., 1990) . This response seemed to be caused by antigenic proteins present in the soybeans, such as glycinin and mnglycinin. Soy protein concentrate prepared by hot aqueousethanol extraction of soybean meal contains only relatively small amounts of immunologically active glycinin or Pconglycinin (Sissons and Smith, 1976 ; Kilshaw and Sissons, 1979) . This study was designed to predict the suitability of different soybean products using in vitro and in vivo immunological criteria and growth performance of pigs. Particular attention was given to ethanol extraction and the heat treatment that is involved in commercial processing of soybean products. The effect of moist extrusion of soy protein concentrate on immunological criteria and growth performance was also evaluated.
Experlmental Procedures

Animals and Experimental Design
Trial I . Forty crossbred (Hampshire x Yorkshire x Duroc) pigs from six litters with an average birth weight of 1.3 f .4 kg were used. Sows were fed a comcom gluten meal diet (14% CP) from d 109 of pregnancy throughout lactation to limit passive transfer of maternal anti-soybean protein antibodies to the baby pigs through colostrum. The pigs were allotted randomly within litter to one of five treatment groups (eight pigs/group): 1) dried skim mille; 2) SBM, 3) soy protein concentrateg; 4) moist extruded soy protein concentratel0; or 5) soy protein isolate". To sensitize the pigs to dietary proteins, pigs were infused 9sOy protein concentrate was manufa~tumi by extraction of defatted soy flakes with ethanol.
'%xtruded soy protein concentrate contains ethanolextracted soy protein concentrate manufactured with a high-volume moist extruder.
"SOY protein isolate is separated by acidification &om '2Hoechst-Roussel. Ag-Vet. Co., Somerville, NJ. soy flakes, neutralized. then spray-dried. through a stomach tube from d 7 to 12 with 6 g/d of either dried skim milk, SBM (48% CP), soy protein concentrate, extruded soy protein concentrate, or soy protein isolate for Treatments 1 to 5, respectively. Previous research has shown that this regimen will sensitize the pigs to the various proteins (Li et al., 1990) . Pigs were weaned on d 21, and from d 21 to 28 they were given ad libitum access to diets containing the same dietary protein sources provided preweaning (Table 1) . Diets were formulated to contain identical amounts of lysine, Ca, P, and ME. Pigs were kept in an environmentally controlled nursery with eight pigs per pen. One day before pigs were killed, blood samples were taken from the jugular vein for determination of immunoglobulin G (IgG) titers to soybean proteins, glycinin, and P-conglycinin. Pigs were killed by injecting .5 ml of T6112 intrajugularly on d 28 of age. Samples of the duodenum were taken for electron and light microscope determination of villus height, crypt depth, villus area, and density of lymphocytes in villi. Ileal digesta samples were collected to measure the titers of residual antigenic proteins. vidual pig weights were measured at the end of each 7-d period. Serum IgG titers and skin-fold thickness also were measured at d 7 postweanFor the first 2 wk of the experiment, pigs were fed a diet containing .25% chromic oxide. At the end of 2 wk, fecal samples were collected fmm pigs by rectal massage and were frozen until they were analyzed. Apparent digestibility of DM and N were calculated using Cr as the indigestible marker.
ing.
Light Microscopy
The small intestine was excised immediately after slaughter. A l k m segment from the middle duodenum was removed, rinsed with saline, and immersed in cold 10%
13Sauthem Micro Instrument Assochtes, Atlanta, GA.
formalin. Cross-sections of intestinal samples from formalin-preserved segments were fixed by standard plastic embedding. Samples were sectioned at .3 pm thickness and stained with azu~ A and eosin. Villus height, perimeter, area, and crypt depth were measured on the stained sections at 1Ox magnification using Microcomp PM13 interactive image analysis for planar morphometry. A minimum of 10 well-oriented, intact villi (and crypts) were measured in triplicate specimens for each pig within each group. Height was measured from the crypt mouth to the villus tip in 10-prn increments.
Measurement of Serum Immunoglobulin G Titers to Soy Protein
Senun samples from the pigs we= obtained at d 27 (before intradermal injections of the proteins). Serum IgG titers specific to soy protein were measured according to the procedure described previously by Li et al. (1990) . Briefly, 96-well microtiter plates were coated and horseradish peroxidase-labeled anti-porcine IgG (dilution 1:3,ooO, .1 d w e l l ) was added, followed by addition of peroxidase substrate14 (.l Wwell). After incubation for 20 min at room temperature, the color reaction was determined in an EIA readerI5. The antibody titers were expressed as reciprocals of highest dilutions showing optical density of at least .1 above background.
Xylose Absorption
A solution of 10% wt/vol of xylose16 was given to each pig at a rate of 1.0 mVkg of BW in Trial 1. Before infusing xylose, the pigs were fasted for 24 h and denied access to water for 4 h to ensure that the gastrointestinal tract was empty. At 1 and 2 h after infusion, 5-ml blood samples were collected. The blood was centrifuged (600 x g), and plasma was separated and stored at -2VC until it was assayed. A colorimetric assay (Kao and Scheer, 1984) was used to determine the xylose concentration.
Cutaneous Hypersensitivity
Soybean protein-induced cutaneous hypersensitivity was tested on d 27 in Trial 2. Dried skim milk, SBM, soy protein concentrate, extruded soy protein concentrate, and soy protein isolate were extracted with saline (3 g in 25 ml of saline), and the protein concentration was adjusted to 1 mgfml. These solutions and saline were injected intradermally (.5 ml) ' in the skin fold of the flank of each pig. Skinfold thickness was measured 24 h later using a constant pressure dial micrometer (Blecha et al., 1983) . Results were expressed as difference in skin-fold thickness (mm) after protein injection compared with saline injection.
ELISA for Glycinin and fl-conglycinin in Soybean Products and Ileal Digesta
In Trial 1, immediately after the pigs were slaughtered, samples of ileal digesta were collected and dried in an oven at 50'C for 72 h. These samples were ground and extracted with PBS solution (25 ml), which was stirred for 1 h at 25'C; the pH was maintained at 9.6.
After centrifugation (1,OOO x g , 20'C, 10 min), the amounts of glycinin and p-conglycinin present in the supernatant fluid were determined by ELISA.
The ELISA measurement of immunologically active glycinin and pconglycinin in soybean products from ileal digesta samples was performed according to procedures developed in our laboratory. Results are expressed as titers (log2 of the highest dilution of extract showing a positive reaction).
Statistical Analysis
Data obtained from these experiments were analyzed using the GLM pmedure of SAS (1982) . Mean values and differences between treatments were detennined by the procedure of Ott (1988) . heplanned contrasts were used to separate treatment means in the trials. The comparisons made were control compared to all soybean protein products; SBM compared to the three treatments containing soy protein concentrate, extruded soy protein concentrate, and soy protein isolate; and the individual soybean protein products against each other. Skin-Fold Thickness. Skin-fold thicknesses following intradermal injection of milk compared to soybean products are given in Table  5 . Interactions of dietary treatment by injection of each protein s o m e were not significant (P > .24). Pigs injected with SBM and soy protein concentrate had greater (P < .05) skin-fold thickness than pigs injected with either milk protein or extruded soy protein concentrate.
Results
Gut
Residues of Antigenic Materials in the Ileum. Residual antigenic soybean proteins in feed and ileal digesta are listed in Table 4 . Pigs fed the diet containing SBM had the highest glycinin and pconglycinin titers in their ileal digesta. Glycinin and pconglycinin were not detected in the ileal digesta samples from pigs fed the diet containing extruded soy protein concentrate or milk protein.
Growth Performance. At 1 wk postweaning, pigs fed the diet containing SBM had lower (P < .OS) ADG than pigs fed either milk or extruded soy protein concentrate (Table 6 ). There were no differences in ADF' I and F/G among treatments during this period. At 2 wk Pigs given SBM had shorter villi than the mean of all pigs given other soybean products, Li et al., 1990) , pigs dosed with SBM and then fed SBM had high titers of IgG antibodies against dietary soybean protein.
Stimulation of the systemic immune system by undenatured glycinin and flconglycinin absorbed from digesta in the gut lumen could account for these circulating antibodies.
Xylose absorption can provide a measure of intestinal damage @€ampson and Kidder, 1986) . Xylose is absorbed actively across the gut wall by a transport system similar to that of glucose absorption (Csaky and Ho, 1965). We found that feeding SBM decreased xylose absorption after weaning in pigs.
Damage to the intestine may play a role in the reduced postweaning performance of earlyweaned pigs (Risley et al., 1988) , because decreased intestinal integrity would result in poor digestion and absorption of nutrients (Seegraber and Morrill, 1986) . Pigs dosed with moist extruded soy protein concentrate and fed a diet containing the same protein also had low plasma xylose concentrations. The reason moist extrusion heat treatment did not improve intestinal xylose absorption is not clear.
No interactions of infusing treatments x source of injected protein were found This indicates that consumption of 30 g of the protein products 2 wk before weaning did not result in any significant treatment effect on skin-fold thickness after weaning. This is consistent with the report of Hampson and Fu (1988) , who showed that feeding 30 g of a diet preweaning did not influence the body weight gain, ability to absorb xylose, or incidence of diarhea Intradennal injection of extracted SBM caused a higher skin-fold thickness response than other soy products tested, indicating that antigenic materials remained in the commercial SBM and should be eliminated before beiig used in pig diet formulation. Residues of antigenic materials were found in the ileum of pigs fed SBM, indicating that some of these materials remain undigested after passing through the small intestine. Perhaps these antigenic materials cause gastrointestinal hypersensitivity and damage to the villi, which may have resulted in the lower ADG and F/G during the first 2 wk postweaning.
The presence of undigested glycinin and pconglycinin in ileal digesta of pigs fed diets containing SBM or soy protein concentrate suggests that these immunologically active soybean proteins resist hydrolysis during passage through the pig's digestive tract. These results agree with results of in vitro studies by Sissons and Thurston (1984) showing that most of the pconglycinin of heated soybean flour or isolated soybean protein was unaffected by digestion with rennin, pepsin, and trypsin in calves.
Pigs infused with SBM or soy protein concentrate preweaning and then fed diets containing SBM or soy protein concentrate after weaning had poorer growth performance at 2 wk postweaning than those fed extruded soy protein concentrate. This finding agrees with the lower (P c .03) N digestibilities of SBM and soy protein concentrate compared with those observed for extruded soy protein concentrate. We postulate that antigenic materials remaining in the SBM or soy protein concentrate caused a gastrointestinal disorder, which, in tum, influenced the digestive process and depressed apparent N digestibility in pigs. In these trials, both extruded soy protein concentrate and dried skim milk resulted in similar growth performance and N digestibility at 2 wk postweaning. This result is in agreement with the findings of Faber and Zimmerman (1973) that digestibility of energy and protein from moist extruded soybeans was superior to digestibility of energy and protein from infrared-roasted soybeans. Whether the heat and shearing of extrusion causes chemical reactions between protein and carbohydrate or other ingredients should be investigated further. Our research demonstrates that processing methods significantly affected the suitability of soy protein for young pigs.
In summary, pigs dosed with SBM and then fed a diet containing SBM processed by conventional methods had decreased growth performance, lowered villus height, and increased serum anti-soy IgG titers. pigs fed SBM and soy protein concentrate had decreased ADG and apparent N digestibility and poorer F/G at 2 wk postweaning than pigs fed dried skim milk and extruded soy protein concentrate. However, there were no treatment differences in villus height when pigs were treated with soy protein concentrate, extruded soy protein Concentrate, or soy protein isolate.
Our study suggests that eliminating antigenic activity by alcohol extraction of soybean proteins and extrusion treatment improved starter pig growth performance. Prediction of the suitability of soybean products based on ELISA results for residual antigenic substances seem to be advantageous. Further processing of SBM either by alcohol extraction and(or) extrusion processing seemed to reduce glycinin and pconglycinin as determined by ELISA.
This reduction in antigenic activity increased growth performance of pigs and had a beneficial effect on the intestinal morphology and immunology of the pig.
lmpllcations
Reductions in growth performance and changes in small intestine morphology caused by feeding a nursery diet containing soybean meal may partly be due to a transient hypersensitivity response in early-weaned pigs. Screening of the different soybean products with immunological criteria (skin-fold thickness and anti-soy immunoglobulin G titers) may help to evaluate the suitability and provide improved soybean products for inclusion in starter diets for pigs. Moist extrusion processing seemed to further improve the utilization of soy protein concentrate by the early-weaned pigs. Additional research is needed to establish the proper processing necessary to provide an extruded soy protein product that is highly digestible and that wiU result in optimum nursery pig performance.
